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The main goal of the pre sented re search was the pre lim i nary in ves ti ga tion of pos si bil ity of red
mud – Hun gar ian dump sites Almasfuzito (sam ple A) and Ajka (sam ple B) – ap pli ca tion as a
pig ment or as a raw ma te rial for use in the con struc tion ma te ri als in dus try. Also, the aim of this
work was the char ac ter iza tion of red mud as in dus trial waste gen er ated by the Bayer pro cess in
the alu mi num in dus try – which may cause en vi ron men tal prob lems if ap pro pri ate treat ment is
not car ried out. The main min eral phases of both red mud are he ma tite (Fe2O3), cal cite
(CaCO3), gibbsite (Al(OH)3) and they con sists of par ti cles of me dian par ti cle size 2.1 µm (sam -
ple A) and 2.5 µm (sam ple B) and have a char ac ter is tic red color, which was the rea son for its
test ing for use in the in dus try of build ing ma te ri als as a pig ment for stan dard con crete mix tures. 
The radionuclides con tent in the sam ples was de ter mined by gamma spec trom e try, and  the ra -
dio log i cal haz ards orig i nat ing from 238U, 232Th, 40K in the sam ples, were as sessed through the
ra dium equiv a lent ac tiv ity, and the ex ter nal ra di a tion haz ard in dex. The ab sorbed dose rate and
the an nual ef fec tive dose were cal cu lated in ac cor dance with the UNSCEAR 2010 re port and
the re sults are pre sented in this pa per.
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 IN TRO DUC TION
Red mud, or in other words „baux ite res i due”, is
the waste gen er ated dur ing the Bayer's pro cess of the
ex trac tion of alu mina from baux ite. The Bayer pro cess 
in volves the di ges tion of crushed and ground baux ite
in a con cen trated so dium hy drox ide so lu tion at tem -
per a tures up to 270 °C and at high pres sure. Un der
these con di tions, the ma jor ity of the alu mi num-hy -
drox ide is dis solved, leav ing an in sol u ble res i due that
is called red mud in the alu mina re fin ing in dus try. This
red mud is re moved by set tling/fil tra tion [1]. 
It is es ti mated that 3 bil lion tons of red mud are
ac cu mu lated glob ally, with this amount in creas ing by
ap prox i mately 120 mil lion tons per year [2]. Since this
ma te rial is a haz ard ous waste, pre dom i nantly due to its 
high al ka lin ity and so dium-hy drox ide con tent, and be -
cause its safe de po si tion re quires high cost in vest -
ments, the re search of en vi ron men tally friendly
in dus trial re cy cling is very im por tant and pres ent
world wide. How ever, ac cord ing to the Eu ro pean
Waste Cat a logue (EWC) red mud is not cat e go rized as
haz ard ous waste. Even if rare and crit i cal el e ments are
aimed for ex trac tion from red muds, a safer and more
fa vored way of re-uti li za tion is their use as ad di tives in 
con struc tion ma te ri als. The most wide spread use of
red or brown mud pro cess ing is in the con struc tion in -
dus try (pro duc tion of build ing com po nents – bricks,
con crete blocks, ce ramic ma te ri als, etc., con crete ag -
gre gate, spe cial ce ment, etc.). Brown mud ob tained by
the cal ci na tion method con tains suit able re ac tive com -
po nents, e. g. b-2 CaO.SiO2, so it can be used (un like
red mud) for di rect bricks pro duc tion [3] where it is
pressed into blocks and is cal cined at a high tem per a -
ture, while the com pres sion strength of the pro duced
bricks reaches a value of 1.9 MPa [4]. 
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Mucsi et al. [5] in ves ti gated the uti li za tion of red
mud in syn the sis of geopolymers, and the op ti mal
quan tity of red mud added to the fly ash geopolymer
was found to be 15 %. Due to the geopolymerisation
re ac tions new phases ap pears in the prod uct, like
hydroxy-cancrinite, faujasite and thenardite. 
Ac cord ing to an EPA re port [6, 7]  red mud af ter
neu tral iza tion is not clas si fied as haz ard ous waste [8],
be cause in four tested haz ard ous prop er ties
(corrosivity, re ac tiv ity, ig nita bil ity and tox ic ity ac -
cord ing to the tox ic ity char ac ter is tic leach ing pro ce -
dure test (TCLP) it does not ful fill cri te ria for such
clas si fi ca tion. Per formed eco tox ic ity tests in di cated
that neu tral ized red mud could be widely re used not
only as a build ing ma te rial, but also as a raw ma te rial
for metal pro duc tion in the met al lur gic in dus try or in
glass pro duc tion. Be cause of its large sur face, af ter ac -
ti va tion red mud be comes an ex cel lent ad sor bent and
co ag u lant which can be used in remediation of soil in
ag ri cul ture, the min ing in dus try – neu tral iza tion of
Acid Mine Drain age [9], in re moval of toxic met als in
waste treat ment plants, in ca tal y sis in the chem i cal in -
dus try, etc. 
The gen er a tion of wastes is daily in creas ing with 
the ever faster in dus trial de vel op ment and en vi ron -
men tal con trol is be com ing stricter, ad e quate le gal re -
stric tions and greater ef forts of sci en tists are ex pected
in the fu ture. Since the re cy cling of wastes or by-prod -
ucts is gain ing more im por tance now a days, re search
re lated to these ma te ri als has been car ried out in sev -
eral coun tries where waste or by-prod ucts are used as
ad di tives for build ing ma te ri als [10-13]. A num ber of
re search ers have no ticed the clay-like struc ture of the
red mud when it is fired, and its pos si bil ity of be com -
ing a use ful ce ramic ma te rial. Red mud can be used in
the man u fac tur ing of tiles, bricks and in su la tion ma te -
ri als [14, 15]. But it is known that many ores and raw
ma te ri als con tain rel a tively high lev els of nat u ral
radionuclides, and pro cess ing such ma te ri als can
futher in crease its con cen tra tions. The radionuclides
are pres ent in the bauxites in two ma jor forms: ad -
sorbed ionic spe cies on the hy drox ide and clay min eral 
grains, and as sub sti tut ing ions or nanoscale ox ide in -
clu sions in the monazite and other REE-min er als. Ac -
cord ing  to  Bardossy  et al.  [16] 60 % of the Th and
100 % of the U con tained in the Hun gar ian bauxites is
re tained in the red mud.
A „uni ver sal” tech nique of dis posal, man age -
ment and full uti li za tion of red mud, an alu mina pro -
duc tion waste, has not yet been de vel oped. Char ac ter -
iza tion of this waste ma te rial can help in de ter min ing
its us age in dif fer ent in dus tries, or in re veal ing the
places and meth ods of man age ment and dis posal that
would come close to a tech nol ogy harm less to the en -
vi ron ment. The in flu ence of haz ard ous el e ments and
ra dio ac tiv ity in red mud should be avoided when ap -
ply ing the red mud in the pro duc tion of build ing ma te -
rial.
 The ob jec tive of this pa per was to de ter mine the
physicochemical, min er al og i cal and ra dio log i cal
char ac ter is tics of two Hun gar ian red mud sam ples.
Char ac ter iza tion in cluded de ter mi na tion of the
radionuclide con tent in two dif fer ent sam ples of red
mud, as well as the min er al og i cal anal y sis of these
sam ples.
MA TE RI ALS AND METH ODS
The red mud (RM) sam ples were taken from two
Hun gar ian dump sites Almasfuzito (sam ple A) and
Ajka (sam ple B) tail ing. Af ter ho mog e ni za tion, an a -
lyt i cal sam ples for char ac ter iza tion mea sure ments
were pre pared by Jones type split ter af ter dry ing and
disaggregation.
Min er al og i cal com po si tion
The min er al og i cal com po si tion was de ter mined by 
a Bruker D8 Ad vance XRD pow der diffractometer
(Cu-Ka ra di a tion, 40 kV, 40 mA) in par al lel beam ge om -
e try (Gobel-mir ror). Pat terns were re corded in the 2-70°
(2q) range, with 0.007° (2q) steps in 42 sec onds, with a
Vantec-1 po si tion sen si tive de tec tor (1° win dow open -
ing). Phase iden ti fi ca tion was made by Search/Match
(mul ti ple it er a tions) on an ICDD PDF2-Re lease (2012).
Quan ti ta tive eval u a tion was made by Rietveld-re fine -
ment in the TOPAS4 soft ware, us ing FPM based in stru -
men tal con vo lu tion (us ing SRM 640d Si), with crys tal
struc ture data from the AMCSD da ta base. The broad
peak fit ting as an amor phous hump was used to test the
amor phous con tent. For phase iden ti fi ca tion we used the
fol low ing PDF cards: No: 01-074-7052 for cancrinite,
No: 00-0070324 for gibbsite, No: 00-001-1053 for he -
ma tite and No: 00-005-0586 for cal cite phase iden ti fi ca -
tion. 
Phys i cal and chem i cal prop er ties
The par ti cle size dis tri bu tion (PSD) of the sam -
ple ma te ri als was mea sured by a HORIBA LA-950V2
la ser dif frac tion par ti cle size an a lyzer in wet mode us -
ing dis tilled wa ter as the dis pers ing me dia. The geo -
met ric (outer) spe cific sur face area (SSA) was cal cu -
lated us ing PSD data by the la ser sizer soft ware with a
Hey wood (shape) fac tor of 1. 
Radionuclide con tent in red mud
The con tent of radionuclides in the red mud sam -
ples was de ter mined by gamma spec trom e try. The sam -
ples were me chan i cally pre pared (crushed and pul ver -
ized) and placed in PVC cy lin dri cal boxes. Masses of
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mea sured sam ples were ap prox i mately 100 g. Sam ples
were sealed with bee wax and mea sured af ter reach ing
ra dio ac tive equi lib rium. Ra dio log i cal anal y sis was per -
formed by means of a semi con duc tor HPGe spec trom e -
ter GX5019, Can berra (rel a tive ef fi ciency 55 %; res o lu -
tion 1.75 keV at 1332 keV (60Co), 0.830 keV at 122 keV 
(57Co), and 0.791 keV at 5.9 keV (55Fe), as so ci ated with 
stan dard beam sup ply elec tron ics units.
The stan dard ized so lu tion of the com mon mix -
ture of gamma-emit ting radionuclides, pro vided by
the Czech Metrological In sti tute [17], was used to pre -
pare the stan dards for the en ergy and ef fi ciency cal i -
bra tion of the spec trom e ter in ac cor dance with IAEA
rec om men da tions [18]. The mea sure ment times were
255 000 s and 181 000 s, for sam ple A and B, re spec -
tively. Spec tra were re corded and an a lyzed us ing the
Can berra Ge nie 2000 soft ware; net ar eas of the peaks
were cor rected for the back ground, dead time and co -
in ci dence sum ming ef fects (cor rec tion fac tors were
cal cu lated in the GESPECOR soft ware).
Quoted un cer tain ties (con fi dence level of 1s)
were cal cu lated by the er ror prop a ga tion cal cu la tion.
The com bined stan dard un cer tain ties in cluded the ef -
fi ciency cal i bra tion un cer tainty and the sta tis ti cal un -
cer tain ties of the re corded peaks, while un cer tainty of
nu clear data and mea sured mass were ne glected.
Dose as sess ment
The gamma ray ra di a tion haz ards due to the
spec i fied radionuclides were as sessed by the ra dium
equiv a lent ac tiv ity (Raeq) and ex ter nal ra di a tion haz -
ard in dex [19]. The ra dium equiv a lent ac tiv ity (Raeq)
and ex ter nal ra di a tion haz ards (Hex) were cal cu lated
ac cord ing to eqs. (1) and (2)
(Raeq) = CRa + 1.43 CTh + 0.077 CK (1)












370 259 180 (2)
where CRa, CTh, and CK de notes spe cific ac tiv i ties (in
Bqkg–1) of 226Ra, 232Th, and 40K, re spec tively.
Fur ther, the ex ter nal gamma ra di a tion ab sorbed
dose rate, D, in air at a height of 1 m above ground level
was cal cu lated us ing eq. (3) with con ver sion fac tors: 0.462 
(nGyh–1)/(Bqkg–1) for 238U, 0.604 (nGyh–1)/(Bqkg–1) for
232Th and 0.0417 (nGyh–1)/( Bqkg–1) for 40K [19].
D = 0.462 CRa + 0.604 CTh + 0.0417 CK (3)
where D de notes the dose rate in nGyh–1 and CRa, CTh,
and CK de notes the spe cific ac tiv i ties in Bqkg–1.
The an nual out doors ef fec tive dose was cal cu -
lated uti liz ing a con ver sion co ef fi cient of 0.7 Sv/Gy to
con vert the ab sorbed dose in air into the ef fec tive dose
in the hu man body. This cal cu la tion takes into ac count
that peo ple spend about 20 % of their time out doors
(out door oc cu pancy fac tor p is 0,2) and t is the 8,760 h
an nual ex po sure time. The an nual ef fec tive dose, DE,
due to gamma ra di a tion from soil was cal cu lated as [19]
DE = 0.7Dtp (4)
RE SULTS AND DISCUSSION
Struc tural anal y sis of red mud
The chem i cal com po si tion, physicochemical
prop er ties and min er al ogy of red mud vary with the
type of the baux ite and the alu mina pro duc tion pro -
cess, and will change over time. The red mud can pose
a se ri ous pol lu tion haz ard. Red mud is mainly com -
posed of coarse sand and fine par ti cles. The chem i cal
com po si tion of the two kinds of red mud de ter mined
by the XRF an a lyzer is given in tab. 1.
It can be seen in tab. 1 that the main chem i cal
com po nents of red mud are Fe2O3, Al2O3, SiO2, CaO,
Na2O, and TiO. The CaO and SiO2 con tents of sam ple
B (Ajka red mud) are slightly higher than that of sam -
ple A red mud, but its Fe2O3 con tent is lower.
The XRD pat terns of the red mud sam ple A and
sam ple B are shown in fig. 1
The min er al og i cal com po si tion of the in ves ti gated
red mud sam ples is given in tab. 2. The min er al og i cal
com po si tion of the red mud de pends on the min eral com -
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Ta ble 1. The main chem i cal con stit u ents of red mud [%]
Chem i cal con stit u ent Fe2O3 Al2O3 SiO2 CaO Na2O TiO2 V2O5 Sc2O3 Loss on ig ni tion






12.54   
   Ajka red mud 23.11 20.18 8.45 23.79 6.35
Fig ure 1. XRD pat terns of the red mud sam ples;
he ma tite (Fe2O3) – marked by a solid star sym bol,
cal cite (CaCO3) – marked by a clear cir cle sym bol,
cancrinite (Na6Ca2Al6Si6O24(CO3)2 – marked by a solid cir -
cle sym bol), gibbsite (Al(OH)3 – marked by a solid rhom bus
sym bol)
po si tion of the source ma te rial – baux ite. Baux ite is a
multiphase ore that may con tain, ac cord ing to some ref -
er ences, more than a hun dred min er als. Its es sen tial con -
stit u ents, how ever, are the min er als of alu mi num, iron,
sil i con, ti ta nium, cal cium, mag ne sium, etc. De pend ing
on the type of min eral de pos its, the amounts of the es sen -
tial and ac ces sory min er als may vary within wide ranges. 
Alu mi num is con tained in baux ite in the form of hy drous
ox ides: hydrargillite, boehmite and dia spore, and at
lower rates as co run dum (Al2O3) or var i ous
aluminosilicates. Alu mi num min er als are nat u rally con -
cen trated and mixed in ores with many met als and
petrogenic min er als. The most abun dant gangue min eral
in bauxites is free sil ica (var i ous forms of crys tal line
SiO2) or bound sil i con ox ide (in the form of
aluminosilicates, com monly kaolinite). Iron in baux ite
oc curs in var i ous min er als form ing the prin ci pal waste
(red mud) com po nent. Iron min er als are he ma tite, mag -
ne tite, hydrohematite, goethite, and li mo nite. Its prin ci -
pal car bon ates are sid er ite and an ker ite. The com mon est
in baux ite are he ma tite and goethite, and less com mon
are mag ne tite and li mo nite. Ti ta nium is al most al ways
found in bauxites, in the form of rutile, ana tase or
brookite. Bound ti ta nium di ox ide may be con tained in
bauxites in the form of sphene, perovskite or il men ite.
Car bon ate con stit u ents are cal cite, magnesite, do lo mite,
hydromagnesite, and an ker ite [20].
The red mud con sid ered in this work largely de -
pends on chem i cal and min eral com po si tions of the
min eral ore, grind ing fine ness and ef fec tive leach ing
(de com po si tion). From the XRD pat terns  (fig. 1) it can
be seen that the main min eral phases of red mud are he -
ma tite (Fe2O3), cal cite (CaCO3), gibbsite (Al(OH)3),
etc. It is in di cated that the ex am ined sam ples have ob vi -
ously dif fer ent min eral com po si tions. An amor phous
con tent was not de tected.
The par ti cles size dis tri bu tion of the two kinds of
red mud is shown in fig. 2. It can be seen that the sam ple
B (Ajka red mud) par ti cle size dis tri bu tion is slightly
finer, in the size range be low 3 µm with a me dian par ti -
cle size value of 2.1 µm. Com pared with sam ple B
(Ajka red mud), the sam ple A (Almasfuzito red mud)
has a rel a tively coarser par ti cle size dis tri bu tion. The
me dian par ti cle size of sam ple A (Almasfuzito red mud) 
is 2.5 µm.
The mea sured val ues of the den sity of red mud
are 3.19 gcm–3 and 3.03 gcm–3 for sam ple B (Ajka red
mud) and sam ple A (Almasfuzito red mud), re spec -
tively. The dif fer ences of par ti cle size and den sity val -
ues have a sig nif i cant in flu ences on the per for mances
of red mud as the raw ma te ri als for ce ment and con -
crete. The geo met ric spe cific sur face area of the Ajka
and Almasfuzito red mud sam ples was 12450 cm2g–1
and 11970 cm2g–1, re spec tively. There fore, it can be
sum ma rized that the fine ness of the two sam ples was
very sim i lar.
The chem i cal and min er al og i cal com po si tion
and the par ti cle size dis tri bu tion of red mud sam ples
are dif fer ent. This is a rea son for the dif fer ent prop er -
ties of the two kinds of red mud.
Radiolgical anal y sis of red mud sam ples
The pres ence of the nat u ral radionuclides, mem -
bers of the ura nium and tho rium ra dio ac tive se ries, in red
mud can rep re sent an im por tant is sue in fur ther uti li za -
tion of this ma te rial. 
As it was said be fore, ra dio log i cal anal y sis of
two dif fer ent red mud sam ples was per formed by us -
ing the gamma ray spec trom e try sys tem. Nat u rally oc -
cur ring radionuclides, mem bers of the ura nium and
tho rium se ries and 40K were de tected. The pres ence of
ar ti fi cial radionuclides was not de tected. The con tent
of 137Cs was be low the de tec tion limit (<0.3 Bqkg–1).
Ob tained spe cific ac tiv i ties ex pressed in Bqkg–1 of dry 
mass, as well as those from pre vi ously pub lished pa -
pers, are given in tab. 3.
The ob tained re sults for 226Ra and 232Th were
mostly within the ranges that can be found in the lit er a -
ture for this kind of sam ple, and sig nif i cantly higher
than the world av er age for build ing ma te ri als. Mea -
sured spe cific ac tiv i ties of 40K were mostly be low
quoted val ues, and much lower than the world av er age
for build ing ma te ri als [21-23].
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Ta ble 2. Min er al og i cal com po si tion of red mud sam ples
Min eral Sam ple A(Almasfuzito red mud) [%]
Sam ple B
(Ajka red mud) [%]
He ma tite 45.47 49.95
Cal cite 7.93 8.64
Cancrinite 35.48 12.38
Gibbsite 9.32 2.89




Figure 2. Par ti cle size dis tri bu tion of red mud sam ples
Re gard ing ra dio ac tiv ity, tab. 3 shows that the
pre vi ously in ves ti gated red mud type Almasfuzito
[20] has sig nif i cantly (more than 3 times) lower con -
tents of tho rium, but a higher con tent of 226Ra than the
one mea sured in this study. The big gest dif fer ence
com pared to re sults from [20] was for the  40K con tent
– more than five times.
 The dif fer ences in the mea sured ac tiv ity of the
sam ple of Ajka red mud in this and the pre vi ous study
[20] are not so pro nounced.
The ob served dif fer ences in mea sured red mud
sam ples in di cates a dif fer ent type of alu mi num ore -
bauxites. Some of the Hungarin bauxites con tain sig -
nif i cant amounts of monazite as ac ces sory min er als,
which al ways have a Th con tent [24]. The bulk baux ite 
sam ples pos ses 10-100 ppm U and Th con tents [25]. 
The ob tained cal cu lated val ues of ra dium equiv -
a lent ac tiv ity, ex ter nal ra di a tion haz ard in dex, ab -
sorbed dose rate from out doors ter res trial gamma ra di -
a tion and the an nual ef fec tive dose rate are given in
tab. 4. 
By com par ing pa ram e ters Raeq, Hex, D, and DE
with pa ram e ters re lated to soil in ves ti ga tion of
Nenadovic et al. [26], it can be con cluded that higher
val ues were ob tained.
CON CLU SIONS
Ac cord ing to the mea sure ments and dis cus sion
both kinds of red mud (Almasfuzito and Ajka red mud) 
have the pos si bil ity of large scale ap pli ca tion in the
pro duc tion of ce ment mix tures, but fur ther in ves ti ga -
tion is nec es sary to study the long-term be hav iour.
Com pared with the pre vi ously an a lyzed sam ples from
Hun gary in other stud ies, the mea sured sam ples have a 
com pa ra ble con cen tra tion of 226Ra and sim i lar con -
cen tra tion of 232Th, but a sig nif i cantly lower con cen -
tra tion of 40K. Also, it can be con cluded that both
sintered red mud and Bayer red mud have higher val -
ues of ra dium and tho rium con cen tra tions than the
world av er age for build ing ma te ri als, whereas for 40K
the op po site con clu sion can be made.
Also, the pos si ble use of red mud as a pig ment in
the con struc tion ma te ri als in dus try (or any other where
it rep re sents a cer tain per cent age of the fi nal prod uct) is
re stricted to add ing a small per cent age of this ma te rial
in the fi nal prod uct, in or der not to in crease the ac tiv ity
of the fi nal build ing ma te ri als. At the same time it has
been no ticed that there is a dif fer ence in the min eral
com po si tion which can af fect to the dif fer ences re lat ing
the nat u ral ra dio ac tiv ity of the sam ple.   
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ried out by I. Vukanac. M. Mirkovi} in ter preted re sults 
of XRD mea sure ments. M. Nenadovi}, Lj. Kljajevi}
and S. Nenadovi} per formed lit er a ture re search, the o -
ret i cal anal y sis, and dis cus sion of the pre sented re sults 
to gether with the other au thors. 
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FIZI^KO-HEMIJSKA,  MINEROLO[KA  I  RADIOLO[KA  SVOJSTVA  UZORAKA 
CRVENOG  MUQA  KAO  SEKUNDARNOG  SIROVINSKOG  MATERIJALA
Glavni ciq istra`ivawa bio je preliminarno ispitivawe mogu}nosti primene crvenog
muqa (ma|arske deponije Almasfuzito (uzorak A) i Ajka (uzorak B)) kao pigmenta ili kao sirovine za
upotrebu u industriji gra|evinskog materijala. Tako|e, ciq ovog rada bio je karakterizacija
crvenog muqa kao industrijskog otpada koji je proizveden Bajerovim procesom u industriji
aluminijuma ‡ koji mo`e uzrokovati probleme u `ivotnoj sredini ako se ne tretira na
odgovaraju}i na~in. Glavne mineralne faze oba crvena muqa su hematit (Fe2O3), kalcit (CaCO3) i
gibsit (Al(OH)3). Oni se sastoje od ~estica sredwe veli~ine 2.1 mm (uzorak A) i 2.5 mm (uzorak B)
karakteristi~ne su crvene boje, {to je bio razlog za wihovo testirawe za upotrebu u industriji
gra|evinskih materijala kao pigmenta u standardnim me{avinama betona. Sadr`aj radionuklida u
uzorcima odre|en je gama spektrometrijski, a radiolo{ki rizik usled izlo`enosti 238U, 232U, 40K
prisutnih u uzorcima, procewen je preko radijum ekvivalent indeksa i eksternog indeksa
radijacionog rizika. U radu su prikazani rezultati procene ja~ine apsorbovane doze (D) i
godi{we efektivne doze (E), ~ije su vrednosti izra~unate u skladu sa izve{tajem UNSCEAR 2010.
Kqu~ne re~i: gama-spektrometrija, crveni muq, NORM, mineralni sastav,
.........................fizi~ko-hemijska svojstva
